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tesc described i n  t-his document i s  designated SNFQ-C, 

CfR-18. This is t he  tven ty - f i r s t  i n  a series of KEWA i r r a -  

d i a t i o a  tests perfo-3 a= t he  h'uclear Aerospace Resetrch 

Facility (W) of the For: i iorth Division of General Dynanics 

Corporation for the Space Nuclear Prapulsion Office, Cleveland, 

Ohio ( S h i - G j .  The 54:: cround Tes: Rercror (GTR) and the 

10-Mu Aercswce S y s t - s  Test Reactor (ASTZ) are beir- used 

for these cests.  

m d e r  C3rrt'racc AF334 6 5 7 )  -7231 and AF29(601)-0213 and are 

re-xxrec i n  EiARF Reprts FZK-170, Vols. 1 through 8, and 

FZK-184, Vols. 1 tfrrough 6 ,  respect ively.  

Prmious  cjmponent tests w e r e  performed 

c a a t e r i a l s  test vas also p e r f 9 n n e d  during t h i s  twenty- 

f i r s t  hERVA i r r a d i a t i o n  test. 

of t h i s  series. 

This wo;h is reported i n  Volume P 

The tes t  r e p r t e d  i n  t h i s  document w a s  sponsored by the 

Aerf i je r4cnera l  Carporacion and performed under Contract 

XF29 (6C1.q -?C77. 
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SUMMARY 

The f i f t e e n t h  i n  rhe series Gf i r r a d i a t i o n  tests using 

the Grouna T e s t  Ref;:nr a t  the  Nuclear 4erospace ibsearch Fac i l -  

ity (W) t o  derermine the effects of r e a c t o r  r a d i a t i m  on 

candidate NERVA components and materials w a s  concluded on 

2 Ju,y 1966. The test was designated GTR 18. Tk.z t e s t  i t e m  

was rcsi?;tance temperature transducers. A measurement of the 

conversion of parahydrogen t o  orthohydrogen w a s  a l s o  -&de. 

The test conditions and subsequent r e s u l t s  are described 

b r i e f l y  ',.elow. 

- 3es is tance  Temperature Transducers (RTT'sl 

Twenty R E ' S  with various sh ie ld ing  configurat ions covering 

t k i r  platintlm elements w e r e  i r r a d i h t e d  while  submerged i n  

l i qu id  hydrogen. They w e r e  exposed to in tegra ted  neutron 

fluxes ranging from 1.50 x 10l6 t o  1.92 x 10l6 n/cm 2 (E>2.9 MeV) 

11 and g a m  doses ranging from i .8  x 10l1 t o  2.3 x 10 ergs/gm(C). 

The average maximum temperature deviat ion,  taken with the r eac to r  

re t racted.  for esc5 iypc of RTT w a s  as follows: 

Type R T T  

Rosemcrunt 134EB:-86 
Rosemun t 134EB 186 
Rasemmc t 134EB 186 
Rc s m m i n  t 134EB I8 6 
Ro s cmou .: r 1 3 4E R 1 8 6 
Rosemoun 7 134EBlX 
Rosemount !34EB2X 
Rosemovrt 137CJ 

S h i  e 1 d i nq 

Cadmium 
Hafnium 
Ha f nium-Cadmium 
Staiclless S t e e l  

None 
None 
Nor,e 
None 

V 

No. 
I r r a d i a t e d  

2 
2 
3 
2 
# * 
3 
L 

2 
2 

Avg Temp 
Deviation (OR) 

1.37 
1.32 
1.42 
1.46 
1.52 
1.48 
1.40 
1.24 



No. Avg Temp 
Type RTT Shielding *- I r r ad ia t ed  Deviation ( O R )  

Rosemount 134EB250 None 
Roseaount 1?OAA None 
Temtcch 1881-? None 

1 1 , s  
1 4 <  57  
1 Not Computed 

A d e f i n i t e  52crease i n  temperature deviat ion for a l l  the  

RTT's one i i f t h  of the  way through the  test  can be a t t r i b u t e d  

t o  k s s  of LH2 flow over a 3 4 r  period. 

Corivcl: s ion of Parah-ydrogcn t o  Orthohydrogen 

R maximum of 3% conversion of parahydrogen t o  orthohydrogen 

was me8SGiez a t  the  steady state. The conversion was observed 

io be r e l a t e d  to  nuclear r ad ia t ion ,  and t h e  mechanism a p p a r s  

to be assoc ia ted  wi th  the  l i qu id  as  w e l l  as the gas phase. 
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A series of tes ts  i s  being performed a t  rhc Nuclear 

Aerospac, Research F a c i l i t y  (NARF) of General Dycamics, Fo r t  

Worth Diitision, t o  determine the e f f e c t s  of nuclear  r a d i a t i m  

on components and materials proposed f o r  use in the  i E W A  

mgiriz. 

for development of t he  NERVA engine. 

Aerojct-General Corporation has prime r e s p o n s i b i l i t y  

This r e p o r t  deg:.s wi th  the f ir teenth i r r a d i a t i o n ,  desig-  

nated GTR-’3, of t t c  series perforoleu w i t h  the Ground Tes t  

Reactor (GTR). This test  was performed i n  accordance wi th  

test spec i f lca t ion8  submitted by Aerojct-General Corporation 

(AGC) A Z U S ~ ,  Cal i forn ia  (Ref. 1). The test components 

were furnished by AGC and Los Alamos S c i e n t i f i c  Laboratory 

(IASL).  

was furnished by the  h‘?tiona? Bureau of Standards (NBS). 

The parahydrogen-orthohydrogcn gas ana lys i s  system 

This r e p o r t  i s  divided i n t o  two parts. ?he f i r s t  p a r t  

deals wi th  20 r e s i s t a n c e  temperature t ransducers  (RTT); the 

second, wich the measurcmenc of the  para-ortho coinpositisti of 

hydrogen gas  evolved Lrom the  !.iquid dzrtzg ?-I-r!  i r r a d i a t i o n .  

1 
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I n  the G T R  Raliatior.-ELfects Testing System a t  W, com- 

pc3ents can be p?.acr.i on L ? s t  p a l l e t s  or i n  cont ro l led  eniriron- 

mental cha+,erS and positioned on the  north,  east, or west 

sijes c l  Chc reac tor .  Photographs and a b r i e f  desc r ip t i J  

of t h i s  f a c i l i t y  -re included i n  Appertdix A .  

descr ip t ioa  i i ~ y  ?e fnund i n  Eefek-zrZce 2. 

A ;acre complete 

The east i r r a d i a t i o n  pos i t ion  was u t i l i z e d  i n  t h i s  experi-  

ment. An AGC-designed hydrogen dexar installed i n  t h a t  posi- 

tion coztalqed the Rn's i n  a liqaid-kydrogen (U,j environzrent 

and prwided  the  sourcr' cf i r r a d i a t e d  hydrogen For the  Farahydrogen- 

to- ort'whydmgen coll*.-ers:m masurement The W T  test 

assembly :*as connct .e.' r c  instrumentation (Figs. 2-1 2-2 

and 2-3) i n  t.he con t ro l  room by means of electrical  harnesses 

and pneumadc l i n e s  a p p r o x h a t e l p  126 ft long. The layout af 

the RTT box i s  shcwn i n  Tigures 2-4 and 2 - 5 .  

- 

The liquid-hydrogen tes t  a s e a b l y  t h a t  contained the 20 

RIT's Is shown in Figure 2-6. The m p e r  Forrion cf t he  asses- 

b ly  was enclosed ic a shroud t h a t  was pxrgec continuously With 

helium gas f1crJing a t  a r a t e  of 0.5 cfm. 

i s  shown w i t h  :'.;e shroud removed ir, fig. 2-7. ';,:-e lower 

portion sons€st:s of a sealed f i x t u r e  a t tached r-9 metal pipes 

welded t o  t h e  underside of the shroud p l a t e .  InztrumentaLAon 

harnesses pass through t h e  pipes t o  t h e  RTT's mounted in s ide  

This upger port ion 

3 



the fixtui-e 

tamer and Yere ss-*led tc the  f i x t u r e  wi th  X-seals, i h e  R E  

t e s t  fixture is sham iq r'igure 2-8. 

The R E ' S  e x t e n k d  outward intr, the  3 2  ccn- 

T h e  shroud e x h i t  vas routed through a shzc-k valve st 

t h e  t s p  of the  shroud and vented ehraugh a vent  stack iocated 

a t  the  r.crth end of the faci ; i ty .  A burst disc was incsrporated 

i : t  the  dewar and ported tc zke shroud exhaust €or verrting out 

of the paoi. 

d e v x  to  the  AS= burn stack. 

fcr the  comersfon mecasxrement vas tapped of€  chis main ex- 

haust sysrem (Fig. 4 - 2 )  and run t o  the  Eff iuent  Hydrogen Gas 

Analysis Setup, shcm in Z i g u r e  2-9.  Ai: e h u s t  f i t t ings  and 

the burst d i s c  was enclcsed i c  the shroud. 

vas suppized tc the  &war through a v a c m - i n s u l a t e d .  f i e x i b l s  

t r ans fe r  ;%!le Ai: e x r c r i c a i  wiring was rout3a out  of t h e  

devar ana shroud by means of hermetic connectors. 

N o m :  b-rdrogen exhaust was vented fra  &.e 

T k  pcrtion of exhaust vq-&red 

Ltq*sid hydrogen 

A ilqcid ievel system was incorporated t G  contincousiy 

rimitor ar.d con:rc; the i i qu id  level i n  the dewar A probe 

consistlrrg of seven r e s i s t o r s  a& three  thermocouples w a s  used 

with an i cd ica to r  panel  which indicated the  l i qu id  levei i n  

the dewar. The three thermocouples w e r e  used i n  conjunction 

with Brfstol cont ro i  u n i t s  t o  control the l e v e l  i n  the dewar 

and to read out the temperature i n s ide  t h e  dewar dur ins  ZU~TS-G:( 

Standa rd  dosimetry techniques uere used i n  measuring tke 

integrated neutrcn fiuxes and gama doses t o  which tS.%. t e 5 t  

4 
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111. RESISTANCE TEMPERATURE TRANSDUW 

3.1 Experimental Procedure 

Before the test setup was  moved to  the reactor area, da ta  

were recorded a t  room temperature, ice tmpera tu re ,  and !.iquid- 

nitrogen temperature w i t h  t he  same harness and instrumen- 

t a t i o n  t h a t  would be used i n  the  test. 

rr-peated after the test se tup  was  moved to  the reactor area. 

This procedum w a s  

A f t e r  i r r a d i a t i o n  was s t a r t e d ,  da t a  cyc le s  w e r e  taken wi th  

the reactor level a t  1N,  again a t  2 Mw, and f i n a l l y  a t  3 ?fw4 

3.2 Test  Method 

Data were obtained from 20 r e s i s t a n c e  temperature t r ans -  

ducers (RTT's) during the i r r a d i a t i o n .  

l i s t e d  i n  Table 3-1. 

Therre components are 

The test componentswere held a t  LH2 temperature during t h t  

600-Mw-hr i r r a d i a t i o n  by rnafntainiug the LH2 k-sei above t h e  

upper-most test component. 

An AGC-furnished c a l i b r a t i o n  panel - I'/N 248428 - was used 

to  connect the RTT's to  a regulated 150-vdc power supply and to 

the d i g i t a l  data-acquis i t ion system (Dymec 2010-I)). A constant  

cur ren t  was passed through each RTT and the vol tage  drop across 

each u n i t  was measured, thus allawing the r e s i s t ance  of each 

u n i t  to  be deterrained. AdjustFmt of the  c a l i b r a t i o n  c i r c u i t  

for the RTT's was performed by mmitor ing  the  voltage across 



the cal ibrat ion resistsr and a d j w t i w  the voltage to  pre-specified 

va1-S (Fig, 3-1). 

The RTT a d  ca l ibra t ion  resistor outputs wer= recorded on 

punched and printed tape. 

u i n t x i n  a constet t  current through each RTT- 

for the RTT test $8 8lwm i n  Figure 3-2. 

AdjwtmenZs were n& as needed to 

A block dhgrm 

Prtor to i r rad ia t ion ,  tfu test cmpments uere sdmerged 

in -dt 

-re -de. 

establishiug the base-lime data u t i l h e d  t-o deterdat refer- 

temperature .ad resistances for each RTT (tee Section 3.3). 

the exci ta t ion currents were adjssted, a d  10 test cycles 

There data yielded tbe necessary infarvtioa far 

Data were gathered a t  rcaetor pwer levels or' 1, 2, and 

3 ?k. 

a t  1-hr i n t e n q l s  and for several hours after reactor shutdcun. 

Data were gathered t-t the 3- irt8dtaCiOm pexiod 

Since the temperature of IJ?2 i 8  pressure-sea8~~ve, drc 

vapor pressure above the l i q d d  uas mmsured. To Q tbis, a 

CEC Type 4-312-0002 pressure transducer of raqp 55 psid vas 

used, along v i t h  an absolute barometric dial &*e indicator, 

These pressures were used to  determine the actual t q r a t u r e  

fo r  c a p a r i s o n  v i t h  the temperatures iadicated by the test 

items (see Section 3.3). 

3.3 Data Presentation 

A thorough analysis of a11 the  data is  not attempted i n  t h i s  

report. Computer reduction of the d 8 t p  * a  h j n g  perforPed 

1 



- 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

i 1. 
12 kGc 
13 1 AGC 14 1 M C  15 iAsL 

1 6 !  LASL 
17 1 IASL 

i 

Table 3-1 

Resistamce Taperatme Transducers 

5-1 
m. 

0927 
12333 
6317 

12330 
e92 

12340 
4094 
4096 
4104 
6319 

7345 
5372- 
93n* 
9 3 7 m  
1667 

1666 
6149 
4107- 

211* 
9373- 

i 3 m 1 8 6  
134lB186 
143&B184 
134m186 
1)4E61M 

134EB186 
134m186 
1-186 
1-186 
134EB186 

134EB186 
134&BlX 
134EB2X 
i34€B2X 
137CJ 

137CJ 

134EB250 
11oM 
134EEI.X 

1881-2 

Shielding 
Ha terial 

Ikfniu 
Rme 
Stainless-S teel 
NaME 
Swicless-S teel 

None 
None 
None 
None 
None 

10 
12 
7 

15 
1 

21 
9 

3 
4 

I1 
5 

13 
14 
16 

6 
20 
17 

19 

ia 

a 

4.5 
4 . 5  
4.5 
4.5 
4.5 

4.5 
4.5 
4.5 
4.5 
4.5 

4.5 
1 
1 
1 

10 

10 
1 
1 
1 
1 

* A l l  are Eosemount except RTT 30. 17 (S/E 6'149), which is Temtech. 

-Previously irradiated i n  GTR Test 15 (Ref . 3) . 
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a t  K C  aud f ina l  result? are not yet m a i l a b l e .  Therefore,  t h e  

data presented here  represents  only a -11 portion of the total  

data. tlahver, an e f f o r t  w a s  made to  chooae representa t ive  

points,  SO that  the  curves presented here vi11 c lose ly  resemble 

the f i n a l i z e d  caaplter r e s u l t s ,  

The tcapcrahrrc deviat ion of the RIT'r - chat is, the  

d i f fe rence  b e m a  the indicated temperature of the m'8 and 

the actual terpcrature of the LE - is p lo t t ed  as a function of 

rad ia t ion  exposure in -matt-hours and neutron add 8. flux 

i n  Figures  3-3 through 3-22. The dose-rate effect of the R n ' s  

2 b 

was eliminated by p l o t t l n g  only the  da t a  taken w i t h  the reactor 

re t rac ted ,  

134€B RTT's ranged from 1.2' to 1.6%. 

i r r a d i a t e d  RTT's, t he  1laM bad the highest temperature d w i a -  

t i o n  a t  600 WOhr, naaely, 4.6 R. 

supplied transducers - Temtech S/H 6149 - did not have suffi- 

The temperature devirt;ioa a t  600 W-hr for the 

h m s  the previously 

0 
S i w e  one of the  U S L  

c i m t  c a l i b r a t i o n  i n f o m a t i o n  supplied with i t  to c a l c u l a t e  

temperaturz deviat ion,  €ts p l o t  i s  s b m  i n  terms of percent 

r e s i s t ance  change v s  r ad ia t ion  exposure (Fig. 3-19). 

Appendix C contains  the rerctcst log for the  i r r a d i a t i o n ,  

The temperature deviat ion,  TD, i s  given as 

TD 0 Ti - TR 
where TI i s  the  temperature indicated by t he  R'IT's and TR 

the ac tua l  temperature of the  LH2, or reference temperature. 
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3.3.1 Indicated Temperature 

The slope of each RTT was deterrined from initt.1 cal%bra:ions 

of the RIT's i n  9 and liquid neon. 

$hawed tht i n  every case the t q r a t u r e  indicated by tbn RTT'm 

An analysis of the test d8ca 

was -her than the preirradiatlon teq3erature, which waa 36.368SeI. 

The slope 

is s l ight ly  different for each RTT, even chough many of the BTT's 

are of the type. 

T I  = r ( R  * Rp) + Tp 
dT = - (R a Rp) + Tp 

vtrere Tp = 36.3685%, and R i s  the R"lT resistance, + is  the 

preirradhtion resistance fur each RTT, 8nd Rp and - di f f cr  fur 

each RTT, as sbavn i n  Table 3-2. 

dT 
dR 

3.3.2 Reference T a p e  rature 

The reference temperature i s  &.e temperature of the US2 

surroundlag the RTT's. 

is  at its  boiling p i E t  throughout its V~>M, the reference 

temperature c m  be detemined a8 a function of the dewar pressure. 

Wfth the assupt ion that the parahydrogen 
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1 
2 
3 
4 
5 

6 
7 
0 
9 
10 

11 
12 
13 
14 
1s 

16 
17 

19 
20 

i a  

6.7641 
6,5522 
6.7091 
6.5654 

6.7039 
6.7S58 
6,7280 
6.6731 
6, &40 

6.4730 
3,3100 
0,6389 
0,6120 
0.2164 

0.2171 
1.0890 
7.7296 
3.1999 
3.@9? 

1,1803 
1.14% 
1,ltOb 
1,1537 

1 1659 
1 , 1519 
r.  233 
1.1440 
1.1473 

I . 1541 
2.4576 
1. 19t7 
10.620 
24.100 

24.117 * 
1. I564 
3.7574 
2.3780 

~ 

bl Sufficient data not available to evaluate for t h i s  RTT. * 
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la t h i s  re8Crict.d 

-re m * 0.41916 

to - 36% 

TR I R(P 0 Po) + To 

or 

TR 0 .41916 (P - 13,54) + 36. 

2 1  



I n  chis equation, P is the total  pressmu 011 the d m r  

Thus the corw b t taperacure of the U 2  a t  ary particular t i a  is 

3 . 6  Dircwrioa 

The tnitZ.1 c a l l b r a t i o n  cycle n o  at Ice-bath and LN2 tea- 

cr3tui-es indicatec! ttmt resistance values for several of the  

RTT's were not (LS predicted by their c a l i b r a t i o n  curves. 

found that four of the shielded RTT's (S/N's 6320, 6317, 8929, and 

It w a s  

6574) had lar r e s i s t a n c e  readings from element t o  case a t  roam t e m -  

perature. 

good, were sen t  to AGC for anaivs is .  

These four, along with e i g h t  o t h e r s  that were apparent ly  

A l l  b u t  two of the RTT's were 

returned to NARF f o r  te instal l r iAo*r.  The twc. t h a t  were not re turned 

were S/N's 8929 (hafnium-cadmium shielding)  and 6576 (hafnium 

shielding) .  Also, c,':; 999i was dele ted  frm t h e  test i n  order t o  

22 



add another shielded R I T .  

re ins ta l led .  

S/N 6320 (cadriu shieldl~) was not 

A f t e r  r e i n s t a l l a t i o n  of the RTT's, the ice-bath m C  Ut2 cali- 

These dam rhacd brat ion cycle vas again u d e  and data recorded. 

that S/N's 6317 a d  211 had bad reristmca readings for the ice- 

bath and IN,, temperature cycles  a d  tht S/B 12330, uhich was OM 
L 

of the replacemeat 

resistance readiag 

tspcratures. The 

RTr's (hrfaiu-c.bir 

for the ice-bath cycle 

coating), b d  a lw 

but a reading at  IS2 

decision was n d e  to cantinuc with the test. 

The subsequent pre i r rad ia t ion  IJi2 cycles failed to  slum any problems 

v i t h  any of the RTT's. 

The i r r ad ia t ion  begau a t  23:54 on 22 June With an i n i t i a l  r t e p  

to 1 H w .  

followed by a s t e p  to 2-Hu for approximately 30 d n .  

power was then increased to 3 Ebr, and a rout ine  data schedule of 

three data cycles per hour was initiated. 

data taken a t  3 Mu revealed that periodic in te r rupt ions  of the 

i r r ad ia t ion  would be required to obtain zero dose-rate readings, 

6-hr i n t e rva l s  (changedto 4-hr i n t e rva l s  half wap thraugh tne 

test) wer  xheduled. The jnterrupt ions were accomplished by 

r e t r a c t i c q  the GTR from the closet f o r  the period of time required 

to obtain a data cycle. 

The l-Hu s t ep  was held for a p p r a r i u t e l y  30 d n  and vas 

The reactor 

When inspection of the 
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A probl- with l i q u i d - h m m  supply was encountered early 

i n  th test. 

great deal of boil-off before the test start&, a routin8 trailer 

c m e  -8 ~ d .  011 23 June. yh.a i t  bee- apparent that the use 

ote  f r a  the meed trailer n s  hi@mr t b n  eqacted, an a t t m t  

S l ~ e  thr ln i t la l  u12 trailer had up.rtanc8d 

-8 Ud. to m i t e  the 8chrdule of aa0th.r -2 hd18r; but no 

trailers could be scheduled to the lort Worth Divlsioa i n  t h e  to 

pt.v.at 108s Oz CIJOg.II a t  th8 U88 rat8 b.1- e d - e d  d t h  

the reector a t  mr. A meeting of WC and lort Worth Dioisioa 

personnel was then held, and tbe decis ion #I ud. to shut d a m  

the reactor I n  order to daldse  t:be \UII rate a d  thereby v l n t d a  

the RIT'r i n  LIlz unti l  a replacement trdler arrived. 

t ranspor ta t ion  imtolved factors k y m d  local controL, the replace- 

ment trailer d id  not arrive unt i l  3 h: after the  trailer in use 

wa8 depleted.  

replacement trailer n s  I n s t a l l e d  and l i q u i d  hydrogen reintroduced, 

a c a l i b r a t i o n  data cycle  of the RTT's was obtained and the irra- 

d ia t ion  was resumed a t  approximately 2400 hours oa 25 Juue. 

Because 

DaPa was C&.an duriag the 3-hr nrm-up. When t he  

A f t e r  r e s u p t i o n  of :he i r r a d i a t i o n ,  &e Lese proceeded 

routinely u n t i l  30 Jure, 

change r e su l t ed  i n  the  H 2  level dropping belaw the RTA"s for 8 

period of 1 mln. 

of a IH2 t r ans fe r  Line. 

On that date, a rout ine  IIl2 trailer 

This drop m s  due t c  a leak i n  the  vacmm j acke t  

24 



On 1 July - 34 hr  before the scheduled completloa of the t e a t  - 
problar  began to occur with the CTB traversing mechcnir during 

the scheduled retract ions.  

r i g h t  fall vith the CTB retracted could not be discouated and the 

r c u i n i n g  scheduled retractloar vera cancelled. 

The pos8lbility that the wchlsa 

Upon c a p l e t i o n  of the 600 l 9 w - k  of I r rad ia t ion ,  tha reactor 

-8 retracted a d  shut dam. 

hr after reactor 8hutdam. 

the rate of 1 cycle every 5 d n  for the first bur a d  1 cycle  

every 10 d n  for the 8econd hour. 

off. 

Thc IJl2 level was v i n u i n e d  for 2 

Duriag thi8 tiw, data were taken a t  

Then the U2 supply wa8 shut 

After the l iquid In the dmmr had been depleted, vazm-up uas 

hlt la ted 

data were 

the dewar 

by w88ing hot GU through the dmmr. the W U r - u p ,  

taken 1 cycle every 15 dn. )(.dru temperature Inside 

was approximately ~ o O C .  

2 
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N W  24,376 

R 1OK 

Figure 3-1 RTT Calibration Circuit 
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4.1 Purpose 

A measurement of the para-ortho c a p o r i t i o n  of e f f l u e n t  hydrc- 

gen gas from the  liquid-hydrogen i r r a d i a t i o n  port ion (RTT test) 

of GTR 18 vas undertaken. 

attempt t o  de t ec t  radiation-induced composition changes and thereby 

ga in  8- i n s igh t  i n t o  the effects of reactor r a d i a t i o n s  on l i q u i d  

and/or gaseous hydrogen, 

The plrpose of this e f f o r t  was to  

The measurement vas made wi th  an Apogee  Developmmt Corporation 

Apogee General Purpose G a s  Analysis S y s t a  (&€GAS), loaned to  

General Dynamics f o r  this purpose by t h e  Nationd Bureau of 

Standards (NBS). 

4.2 - 23 s c w s i o n  

The hydyogen atom, simplest of a l l  the elemetcs, is composed 

of a nucleus, cons is t ing  rif one proton, and one orb i t ing  e lec t ron ,  

Both t h e  nucleus and the e l ec t ron  ar: free t o  sp in  i n  either d i -  

rection; hence, four configurat ions of the  at= are possible.  

However, to form the  diatomic molecule, only those atoms having 

opposite e l ec t ron  spin are free to  combine. Thus, t he  four  

a t d c  configurat ions can combine i n  such a way as to  produce only 

two molecular configurations:  one i n  which the  sp ins  of the two 

nuclei  are parallel, ca l l ed  orthohydrogen and one i n  which the 

s p i n s  a r e  anti-parallel, ca l l ed  parahydrogen. 
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The nuclear sp ins  of the molecules cont r ibu te  to the  total 

rotational energy of the  molecule, which exists at  d i s c r e t e  levels 

denoted by t he  r o t a t i o n a l  q u a n t u  n d r  J. Ei the r  r o d i f i c a t i o n  

(- orthohydrogen or parahydrogen) can exist in a nuber of d i f f e r e n t  

exci ted states correspouding to increasing values of J; but  t he  

para modification i s  r e s t r i c t e d  to the  even rotational q u a n t u  

n t rbers ,  and the ortho modification is confined to the  odd 

quantrn n u b e r s .  A t  temperatures below about 80%, almost a l l  

molecules are i n  the ground state, i.e., the  energy levels re- 

presented by J-0 for parahydrogen and 31.1 far orthohydrogen, 

Between these two lowest levels, the  energy gap is about 339 

c a f / w l e  (about 0.015 w/molecule). 

A d e f i n i t e  equ i l ib r iun  ratio, p, between the  or tho  and para 

f r a c t i o n s  of hydrogen gas  exists for any given gas temperature. 

Farkas ( R e f .  7) gives the following exprecrsim far 
-J(J + l)B/KT 1 (23 + l)e 

3(2J + 1)e 

P - Hp = J = even 
0 - H2 -J(J + l)B/KT B =  

J = odd 

where J = r o t a t i o n a l  energy level 0 ,  1, 2, 3,  

2 5 
21 

E -  

- Planck constant + 2r 
I = moment of iner t ia  of the  molecule 

so 



K = Boltzmann canstant  

T - absolute  temperature 

From Equation 1, it can be seen t h a t  a t  higher temperatures @ 

approaches the l imi t ing  ratio 1:3. This also is e s s e n t i a l l y  the 

ratio obtained a t  room temperature; hence, the  term "-1 

hydrogen" has c o y  t o  be used to descr ibe hydrogen cmposed of 2SX 

parahydrogen and 75% orthohydrogen. 

"equilibrium hydrogen" is used to spec i fy  hydrogen i n  which the 

Correspondingly, the  term 

tw, modifications are i n  e q u i l i b r i u  at some t e rpera ture ,  usua l ly  

other than room taperrture. 

I n  general ,  the e q u i l i b r i u  condi t ions descrtbed by Equation 1 

arc not obtained without c a t a l y s i s ,  because of t h e  very slow reac- 

t i o n  rates involved. 

r ad ia t ion  emission has been e s t i r a t e d  a t  about one t r a n s i t i o n  i n  

For ins tance ,  ortho-para cauversioa by 

300 years,  and t r a n s i t i o n  by c o l l i s i o n  has been estir ted as M a g  

a h a l f - l i f e  of three years (Ref. 7). Parahydrogen, f r e e  froa 

c o n t a d n a n t s ,  i s  a very s t a b l e  gas and can be s tored  far weeks 

a t  room temperature without conversion. Although the  molecules 

w i l l  be exci ted above the ground state ( in  conformance with 

Equation l), only the even quanttm levels wi l l  be populated. 

There are  lo basic  methods by which ortho-pari t r a n s i t i o n s  

w y  be induced: 

1. ForcAFG 3lssassoc ia t ion  of the molecule so that the  f reed  
n atoms can recombine. 

s1 



2 . Causing the hydrogen molecule to  came into suf f ic ien t ly  
close proxiaity to the q n e t i c  f ie ld  of a p r m a g n e t i c  
substance so as to suffer a spin reversal of one of the 
protons.. 
to  conversion, 

A spin reversal of e i t h e r  proton is tantamount 

Both methods are of i n t e r e s t  to t h i s  test because e i t h e r  can 

be an effect of exposure to  ionizing radiation. 

The energy deposited i n  l iqu id  hydrogen by nuclear rad ia t ion  

is i n i t i a l l y  transferred to scat tered electrons i n  the case of 

g.mu radiat ion and recoil protons i n  the case of  neutron radia- 

tion, As these charged pa r t l c l e s  p.ss through the l iquid,  approx- 

immtely equal amounts of energy go i n t o  the production of H atom 

pairs and % ions, vhich i n  turn cause fur ther  disassociation, 

ionization, and e x c i u t i o n .  Carter estimates that about 43% of 

the deposited energy is temporarily stored i n  the production of 

such species, the remainder being given up alwst h d i a t e l y  as 

heat (Ref .  2). 

Bec9-LCC cemrersion from parahydrogen to  orthohydrogen can 

have a de1cteri;ws effect on the performance of 8 nuclear rocket 

of the N E M A  type, it  becomes of importance to  investigate the 

degree of conversion that occurs when l iquid hydrogen is  exposed 

to radiat ion from a nuclear reactor. 

6 . 3  

of a 

Experimental Setup 

4.3.1 Gar Analyzer 

The f f ipI ;As  (Fig. 4-1) operates by comparing the thermal conductivity 

sample stream of hydrogen gar with tha t  of a itream of hydrogen 
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gas having a known parahydrogen concentration. This i s  acccno- 

plished by comparing the r e s i s t ance  of four gas-stream-exposed 

fi laments connected as the  four ares of a Wheatstone bridge. The 

fi lament temperatures and, t h e r e f , t e ,  the r e s i s t ances  are r e l a t e d  

to  the  theraul  conduct iv i t ies  of the  gasses passing over them. 

An exac t ly  l i n e a r  r e l a t ionsh ip  has been Shawn to exist between 

parahydrogen concentration and thermal conduct ivi ty  of hydrogen; 

therefore ,  a measurement of fi lament r e s i s t a n c e  c o n s t i t u t e s  a 

lae8S~rement of parahydrogen concentration. 

a l l y  due to Farkas (Ref .  7). The MIGAS itself is d e l e d  after 

a refinement developed a t  NBS,described i n  References 9 and 10. 

The method is o r ig in -  

4 . 3 - 2  Sample Spscem 

Sample gas for ana lys i s  was obtained from the  e f f l u e n t  of 

the  AGC dewar used for the  RTT test. 

of the  dewar supply was 3%. 

Orthohydrogen concentrat io3 

A secoudary loop of #-in. copper tubfag w a s  t a ~ p e d  i n t o  the  

s t a t iona ry  dewar exhaust system a t  a point  40 f t  damstream from 

the dewar, routed i n t o  and out  of the reactcrr con t ro l  roop via 

the  water - f l l l ed  access windar, and returned to the statiouary 

exhaust system 40 f t  dawnstream of t h e  take-off point.  A tert iary 

loop of 1/8-in. copper tubing w a s  used t o  e x t r a c t  from the second- 

ary loop the small quant i ty  needed t o  supply the  analyzer.  

purpose of the system was t o  deliver i r r a d i a t e d  hydrogen t o  the 

analyzer i n  as short a time 8s possible a f t e r  i t  was exhausted from 

The 
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the  dewar. 

i n  Figure 4.2 

A schematic shawing d e t a i l s  of the  system i s  shown 

A t  equilibrium, LH2 use rate (et 3-Efw r eac to r  paver) averaged 

94 gal/hr. Liquid capacity of the  dewar is about 30 g a l ,  control led 

t o  plus o r  minus 1 gal, and u l lage  is also about 30 gal. On the  

average, then, t he  hydrogen had an i r r a d i a t i o n  h i s t o r y  of 19 min 

a s  a l iqu id  and 22 sec ea a gas. 

Between the secondary-loop take-off point and the  dewar, t he  

exhaust l i n e  i s  3/4-in. ID f l e x i b l e  s t a i n l e s s - s t e e l  pipe. A t  a 

use rate of 94 l iqu id  ga l lons  per hour the m a x i m  residence of 

the e f f l u e n t  i s  2 sec i n  the port ion of the pipe between the dewar 

and the  secondary take-off point. 

After en ter ing  the secondary, the gas t raverses  63 fi: of *-iny 

OD ccpper tubing before en ter ing  t h e  t e r t i a r y  loop. 

residence t i m e  i n  this p a r t  of the system is ca lcu la ted  as 5# sec, 

Minimum 

After en ter ing  the  t e r t i a r y  loop of 1/8-in. copper tubing, 

the e f f l u e n t  has, a t  most, 10 f t  to traverse t o  the  s e n s i t i v e  

v o l u w  of the analyzer.  A t  the recommended operating rate of 
3 150 c m  /min, the maxim residence i n  the  t e r t i a r y  loop, including 

the analyzer i t se l f ,  i s  2.5 see. 

The total  system is thus capable of del iver ing  e f f l u e n t  t o  

the  s e n s i t i v e  volume of t h e  analyzer within 10 sec (2 sec + 5 . 5 )  

sec + 2 * 5  sec) a f t e r  leaving the r ad ia t ion  f i e l d .  
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Except for b r i e f  periods a t  s t a r t u p  (38 m€n @ 1 M w  and 34 

Liquid 
(19 min) 

min @ 2 Mu), the  reactor was  operated a t  3-Mw thermal power through- 

+, -, IJD 
3/4-in. Exhaust Gas 

(23 sec) (2 sec) 

out the  test. 

the l i qu id  hydrogen was 2 x 10 ergs/gm(C) h r ,  and the  average 

The average corresponding exposure dose rate for 
9 

neutron flux (neutrons of energy greater than 2.9 M w )  was 

2.4 x 10 n/cm sec. The diagram bel- summarizes a sample h i s -  
11 2 

to ry  from introduct ion i n t o  the  dewar u n t i l  the  measurement was 

made. 

9 ergs DR(avg) - 2 x LO 
gm(Q hr 

8 (avg) = 2.4 x 10" n/cm2 sec 

Brief ly ,  the AGE-AS W A S  put "on stream" as soon as LH was 2 
admitted t o  the system, and was  coi t inuously monitoring the e f f l u e n t  

throughout the course of the test except during periods when the 

system was unattended. During those periods,  bo t t l ed  hydrogen gas 

was put through the  analyzer i n  order t o  prevent bridge-element 

burnup. This procedure permitted bridge power t o  be l e f t  on a t  

a l l  times, and measurement could be resumed by merely valving b o t t l e  

gas off  and e f f l u e n t  gas or.. 
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The RTT test-plan called for periodic reactor retractions 

and LH2 flow terminations, which it was hoped would also prove 

valuable to the conversion measurement. This did not turn out 

to be the case, hawevtf, 

when the radiation fitT,d 

flow terminations. 

because of the very law effluent rate 

was simultaneously withdrawn with LH2 

About one-fifth into the test, it wa; necessary to shut d a m  

the reactor for 5 Rr in order to conserve LH2. 

the subsequent restart amounted to a repetition of the test, 

permitting confirmation of earlier behavior. 

4 , 4  Results 

The shutdown and 

4 . 4 , l  Maximum Conversion 

The maximum conversion measured wa'3 3% (97% parahydrogen 

Losses in the fill line were estimated from reduced to 94%). 

iiesar boil-off rate data as 152. Fill-line losses represent 

a diluent; therefore, the actual conversion is believed to be 3%%. 

4 , 4 . 2  Rise Time 

Ortho concentration did not jump to the steady-state level, 

There was no discernible increase in but rose slowly with time. 

ortho content for the first 8C m i u .  From startup plus 80 adn to 

startup plus 120 min, the ortho concentration increased %X.  From 

startup plus 2 hr to startup plus 5 hr, the ortho increased almost 

linearly from #% to 37,, where it stabilized. 
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4.4.3 Radiation Dependence 

During t h e  5-hr unscheduled reac tor  shutdown, the or tho con- 

After the cent ra t ion  returned to  the level of the  supply (3%). 

r e s t a r t ,  the or tho concentration again climbed 3% to  the  6% level., 

Further  ind ica t ions  of t h i s  r ad ia t ion  dependence w e r e  apperer t  

during the  LH2 .flow terminctf - 

a p a r t  of t he  RTT data-taking procedure; however, the  procedure 

cycle  was of i n s u f f i c i e n t  time ( f o r  fear of baring the  R'fT's) 

t o  obtain d e f i n i t i v e  r e s u l t s .  

and r eac to r  r e t r acKons  t k a t  were 

4.4.4 Dewar Charge-Rate Depentens  

During the  very ,high use- ra te  period imnediatpiv r;*eceding 

the unscheduled shutdown, the h d i c a t e d  or thohy' iogm cance,itra- 

t i o n  due to conversion var ied between %% an8 11. 

a r e  cons is ten t  with est imates  thac  the  average T.,H 

t h i s  period was about twice normal. 

These r e s u l t s  

use rate f o r  2 

After  steady s t a t e  was reached (at  normal LH2 flow c a t e s ) ,  

minor f luc tua t ions  i n  or tho concentretion of 2.5% maximum were 

observed to have the same average perjod as the pneumatic value 

automatically cont ro l l ing  the dewar l i qu id  leve l .  

Gverckargirg the dewar, which yielded a very high f l a sh -o f f ,  

caused indicated o r th r  concentration t o  approach t h a t  of the 

sup7ly. When the oJercharge was terminated, the ind ic s t ion  quickly 

( -  3 min) returned t o  the s teady-state  value.  
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4.5 Coaclusionr 

l'W findings of chit test are believed to be mst 4 o r t - t :  

the liquid itself, the abject$ I d  therein, d the urtls 

lived a d  their coacentratfoa builds up to level priact,ully 

detexdatd by the iulf-Lives of the species, the radiation iaten- 

aot: occur in  the liquid because the ortho energy levels are pro- 

hibited by the prevailing taperatme, The coaversicm-causimg 

species are "boiled off," 8 h n g  vith the other carstituents, a d  

are the? able to cause conversion i n  the higher-temperac\ae-ew,lved 
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Figure L- 1 Xpiltgee General- Purpose Gas- Analys is  System {t..GPC&S) 



am 
Qlgure t - 2  S c h m t k  of effluent Cas Srpltng System 
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an opca f r m k  that I s  carried on a brlmmtal positionlag 

mechmlm at the top of the reactor tank. 

d t s  the reactor to  k positloacd at  distmces raugiag f r a  

2 to  87 In 

This m e c t u d s m  per- 

fra the a a t h  face of the clout.  

Adjlccat to the north -11 of the irradiation cell  I s  the 

hadl.Sag area. 

area iaclrdcm a General -tor explosive-drtura detecttom 

system and ewlrameatal coaditloaim eqPipwat far the GTR 

Equipwat permamtly instrl led fa the badlimg 

It.diatht effwt8 Te8tiw SyS-. 

Am Integral pmrt of tbe CR testdm taclllty is the shuttle 

system used to rm test aswdltes Into irr.di.cioa position, 

This 9 s -  cawists of cablc-&ivea dollies rrrrrted 011 

three sets of parailel t r e e  ib+ track; a t c a d  f r o m  tbt 

lrradlatiar po8stioas .djace.INt to dr reactor closet, pp an 

incline to the north wll of the lrr&atioa cell, and to 8 

WdSm area 011 dr rcLq just aarth of the hraalimg area. 

system can be operated fra either the control r o a  or the 

dolly motor-drive shed on the north rap. 

televleulng of the entire shuttle s3stm I t s  pnnrided by means 

of closed-circuit tclevisioa in the control room. 

The control roa (Pig. A-1) I s  a belw-grade, reinfarcad 

ibt 

Full-coverage 

concrete structure adjacent to  the GTR system. 

r o ~ l  propides a shielded area for reactor instrucnt.tioa, 

coatrof smoles,  and t e s t  systems (LO w e l l  as special i e s t  

equipwnt needed to conduct radlatlon experhents. 

The control 
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louch8r 1~88uramts ycre 0bt.inCd f r a  dosiretry packets 

attached -ar the test compmmts. Each packet caasisted of 

one nitrous-oxi& dasiwter for msuring g m  dose. 

I n  Section 1 .3  are presented figures shadng the d o s i r e t r y  

packet locatious;  unless  noted othcIyise, the  loca t ions  are 

vi& from the reactor. 

packets are giveu in Table B-1. 

exposure for each individual  RTT, 

The doshetry readouts for the  

Table B-2 gives the r a d i a t i o n  

The values for neutron f lux  

(E22.9  Hev) a t  the RTT pos i t ions  were obtained f2.a the  dosim- 

e t r y  data contained i n  Table B-1. The gawa doses were then 

determined wing neutron-to-gcrru ratios es tab l i shed  i n  pre- 

vious experiments and mrpping runs. 

with E-1 Mev to t h a t  with E>2.9 M e v  has been es tab l i shed  to  

be 2.8; t h i s  r a t i o  was used to  obtain values for n e u t r m  flux 

The ratio of neutron flux 

with E > 1 Mev, as shown i n  Table 8-2. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 

Ee0.48 ev 

4.25 (16) 
4.20(16) 
3.79( 16) 
4.24( 16) 
4.25( 16) 
3.79(16) 
3.88( 16) 
3.71(16) 
3.32(16) 

1.90(16) 
1.91( 16) 
2.24(16) 
1 . 92( 16) 
1.96( 16) 
2 23( 16) 
1 . 95( 16) 
2 . 24( 16) 
2 . 43( 16) 

1,71(16) 
1 . 66( 16) 
1 . 89( 16) 
1 , 49 ( 16) 
1.60(16) 
1.6S(16) 
1.7S(16) 
1.57(16) 
1.60( 16) 

E s 2 . 9  Mev 

2 . 43( 16) 
2.60(16) 
2 . 24( 16) 
2.48(16) 
2,60(16) 
2 . 35 (16) 
2.19(16) 
2.64(16) 
2.50(16) 

5.90(15) 
(1.68(15) 
6,98( 15) 
6,38(1S) 
8.29(15) 
8.18(15) 
6,36(15) 
8.18( 1s) 
8.35(15) 

4.67( 15) 
5.96(15) 
5.80( 1s) 
4.93( 15) 
6.04(15) 
5.93(15) 
4.64( 15) 
4.82( 15) 
4.32(15) 
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Table B-2 

RTT Exposure 

- 
No. 

1 
2 
3 
4 
5 

6 
7 

9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

- 

a 

- 

RTT 

8927 
12333 
6317 
12330 
4092 

12340 
4094 
4096 
4104 
6319 

7365 
9372 
9371 
9370 
1667 

1666 
6149 
4107 
211 
9373 

-~ 

-2- ktegrated Neutron Flux ("/cm ) 

E>1 Mev 

5.26(16) 
5.24(16) 
4.34( 16) 
4.84(16) 
4.34( 16) 

4.20( 16) 
5.07( 16) 
S . 21( 16) 
4.98( 16) 
5.12(16) 

S.38(16) 
5.04(16) 
4.96( 16) 
4 . 48 ( 16) 
5.01 (1 6) 

4.73( 16) 
4.68( 16) 
S. 18(16) 
4. H(16) 
4.90(16) 

E>2.9 Mev 

1.88(16) 
1.87(16) 
1.55( 16) 
1.73(16) 
1. SS( 16) 

1.50(16) 
1.81(16) 
1.86( 16) 
1.78( 16) 
1.83 ( 16) 

1.92( 16) 
1.80(16) 
1.77( 16) 
1.60(16) 
1.79( 16) 

1.69(16) 
1.67( 16) 
1.85 ( 16) 
1.76(16) 
1.75 ( 16) 

2.3(11) 
2.3(11) 
1.9( 11) 
2.1(11) 
1.9(11) 

1.8(11) 
2.2(11) 
2.3( 11) 
2.2(11) 
2.2( 11) 

2.3(11) 
2.2(11) 
2 . 2 ( 11) 
1.9(11) 
2.2(11) 

2.1(11) 
2.0(11) 
2.3(11) 
2.1(11) 
2.1(11) 
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B. 1.1 ''eutron 

The sulfoxy pellets wed for fast-neutron measurements were 

molded from Epon-828 epoxy r e s in .  

f o r  use i n  high-flux i r r a d i a t i o n s  and are usable a t  temperatures 

ranging from -423' to i-4509. 

agent,  sulfonyl  d i an i l i ne ,  having 12.9% s u l f u r  by weight. 

Since the curing agent is bound to the r e s i n  in 0 chemical 

reac t ion ,  a uniform ditperdoa of SUI* i s  ensured. 

These pellets were developed 

The r e s i n  contains  a curing 

Standard f o i l  techniques were used i n  specifying the ncutroc 

f i e ld  (Ref. 5). 

Measurements F a c i l i t y ,  and the data  reduced by an IF@¶ 7090 

digital-computet program. 

A l l  fo i l8  were counted i n  the  NARF Nuclear 

The neucron-integrated-flux values appearing i n  Table B-1 

of this r epor t  were obtained from readouts of the  dosimeter 

packets loccted wi th in  the dewars. 

B.1.2 Gama 

The g . r u  doses appearing i n  t h i s  repor t  were determined 

empir icai ly  from previous measurements of the neutron-to-gamu 

ra t io  for t h e  east pos i t ion  of the GTR f o r  a l i k e  configuration 

and from the neutron flux measured during t h i r  experiment. The 

reduction of data for N20 dosimeters used t o  measure g u u  dose 

f o r  t h i s  experiment i s  not y e t  camplete, but  i t  is a88u1ned that  

g- doses from the  n e u t r o n - t o - g m  r a t i o  as described above 

w i l l  compare favorably w%th the N20 dosimetry readings. 

70 



B. 2 Analyt ical  ZTR Neutron Specttunl 

The neutron spectrum ( R e f .  6) of the  GTR i n  a water modera- 

-- 

tor has been measured to be Maxwellian a t  thermal energ ies  

(E cC.48 ev), approximately E 

and t z s c n t i a l l y  a f i s s i o n  spectrum for higher ,oner, 'es. 

Figure B-1, t h i s  s p e c t r a l  shape has been mathematically altered 

to  account for the  a t t e n t u s t i o n  o f  t h e  tlrcrmel fl*. 

boral surcounding the  r eac to r  in the  dry-pool configuration. 

The r e s u l t i n g  spectrum has heen shown to  represent  the  actual 

spectrum f a i r l y  accurately.  

-1 from about 0.5  ev to  0.1 MeV, 

I n  

by the  

 flu^ measurements have been made i n  the  thermal-, -:$thermal-, 

and fast-neutron energy ranges by use of a v a r i e t y  of thermal, 

resonance, and thrcshcld detectors .  Fast-neutron f1.a measure- 

ments (Er2.9 MeV) made on -ihe dry s i d e  wi th  the  b o r a l  in 

place agree with those made on the  w e t  (tank) side. The 

measured thermal f lux is i n  general  agreement witn t h a t  ob- 

ta ined by i n t eg ra t ion  of the  a n a l y t i c a l  curve sh9m i n  Figure B-1, 

B.3 Dosimetry Data 

Twenty-seven dosimetry packets were a t tached  to  the  (est: 

assembly. 

B-2 through B-6. The dosimetry readcuts  - each packet is 

given i n  Table B-1. 

RTT i s  given in Table B-2. 

The loca t ions  of these  packets are show? in Fi21:re-s 

The r ad ia t ion  exposure f o r  each indAvidua1 
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Date 

22 June 

23 June 

- couK!nt 

Reactor to 1 Mu 

0032 R e a c t o r  retr8cted 

0125 Reactor to 2 Ibr 

0159 Reactor retracted 

0208 Reactor to 3 Ibr 

The reactor rcwined  at 3 Ilw except duriag periods iacideut to 

the folladng retractions: 
Duration of -- D. te fiw Retracted Retraction (rid 

23 Junc 0317 9 

1019 8 

1711 5 

2303 8 

24 June 

25 Jwrc 

26 June 

0593 1i 

1113 14 

1709 27 

1809 Reactor snut down 

(Reactor back to 3 at 2346) 

0604 4 

1606 

2202 

79 

6 

5 



Date 

27 June 

- 

28 June 

29 Jw.e 

30 June 

1 July 

Retracted 

0406 

1019 

1602 

2204 

OW6 

1008 

1602 

2202 

0463 

1004 

1358 

1758 

2159 

0158 

0358 

0958 

1358 

1413 

1611 

1750 

2150 

0159 

0558 

4 

3 

4 

6 

8 

4 

4 

6 

7 

4 

4 

4 

11 

5 

4 

5 

36 

80 



D;: t u  

1 July 

2 July 

- T i m .  Retracted 

0958 

2.331 

Duration of 
Retraction (da) 

4 

Shutdam (end of test) 
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